WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

B32B 7/02, 5/02, 27/32 
B65B 55/00, 61/22 



Al 



(11) International Publication Number: WO 91/17045 

(43) International Publication Date : 1 4 November 1991(14.11.91) 



(21) International Application Number: PCT/AU9 1/00 145 

(22) International Filing Date: 19 April 1991 (19.04.91) 



(30) Priority data: 
PJ 9859 



27 April 1990(27.04.90) 



AU 



(71) Applicant (for all designated States except US): COMMON- 

WEALTH SCIENTIFIC AND INDUSTRIAL RE- 
SEARCH ORGANISATION [AU/AU]; Limestone 
Avenue, Campbell, ACT 2601 (AU). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only) : PATTERSON, Brian, 
David [GB/AU]; 32 Avian Crescent, Lane Cove, NSW 
2066 (AU). 

(74) Agent: F.B. RICE & CO.; 28 A Montague Street, Balmain, 
NSW 2041 (AU). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), GR 
(European patent), IT (European patent), JP, LU (Euro 
pean patent), NL (European patent), SE (European pa 
tent), US. 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONDENSATION CONTROL IN HORTICULTURAL PACKAGING 




to 



(57) Abstract 

The present invention provides a packaging material for use in packaging horticultural produce and to a method of pack- 
aging horticultural produce. The packaging material and method of packing of the present invention enables a substantial reduc- 
tion in the amount of water condensation on the packed produce to be achieved. The packaging material comprises a first sheet 
which is freely permeable to water but resistant to capillary transfer of liquid water and a second sheet which is impermeable to 
water vapour and liquid water. There is a space provided between the first and second sheets. 



Applicants: Mark Raymond Gibberd et al. 
U.S. Serial No. 10/581,540 
Filed: as §371 national stage of 
PCT/AU2004/001706, filed December 3, 
2004 
Exhibit 1 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to l he PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Madagascar 


AU 


Australia 


PI 


Finland 


ML 


Malt 


BB 


Barbados 


FR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BF 


Burkina Faso 


GB 


United Kingdom 


MW 


Malawi 


BC 


Bulgaria 


GN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


GR 


Greece 


NO 


Norway 


BR 


Brazil 


MU 


Hungary 


PL 


Poland 


CA 


Canada 


IT 


Italy 


RO 


Romania 


CF 


Central African Republic 


JP 


Japan 


SD 


Sudan 


CC 


Congo 


KP 


Democratic People's Republic 


SE 


Sweden 


CH 


Switzerland 




of Korea 


SN 


Senegal 


CI 


Cote d*l voire 


KR 


Republic of Korea 


su 


Soviet Union 


CM 


Cameroon 


LI 


Liechtenstein 


TO 


Chad 


CS 


Czechoslovakia 


LK 


Sri Lanka 


TC 


Togo 


DE 


Germany 


LU 


Luxembourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 







WO 91/17045 



PCT/AU91/00145 



CONDENSATION CONTROL IN HORTICULTURAL PACKAGING 
Field of the Invention 

The present invention relates to a packaging material 
and to a method of packaging horticultural produce. The 
5 packaging material and method of packing of the present 

invention enables a substantial reduction in the amount of 
water condensation on the packed produce to be achieved. 
Background of the Invention 

Condensation of water within plastic bags and box 

10 liners holding horticultural produce presents a serious 

problem in transport and storage. The plastic liners and 
bags are necessary in that they prevent excessive loss of 
water from produce. Ideally, the relative humidity inside 
the packaging is kept high, so that little water is lost 

15 from the produce and it keeps fresh and turgid. This 
means that the vapour pressure of the water within the 
pack is maintained close to the equilibrium vapour 
pressure of water over the produce. 

Produce when packed is usually at a higher 

20 temperature than its surrounds in the store. In addition, 
the produce (fruit, vegetables, cut flowers, potted 
ornamentals etc.) is living and therefore produces heat as 
a result of metabolic activity. These two factors result 
in the temperature of the produce tending to be higher 

25 than that of the inside surface of the packing material. 
This in turn means that the vapour pressure of water over 
the produce will often exceed the saturation vapour 
pressure of water at the cooler inside surface of the 
packing material. Where this occurs, water will condense 

30 on the inside surface of the packing material. 

Droplets of condensed water tend to coalesce, and 
collect in corners and at the bottom of the package. As a 
result, produce in such positions will be wetted. Where 
wetting occurs, gas exchange between the fruit tissue and 

35 the surrounding atmosphere may be impeded. Salts and 
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nutrients such as sugars and amino acids will also leak 
from the produce into the water. This resulting extract 
encourages the growth of microorganisms, which will 
further consume the oxygen which is already in restricted 
5 supply to the respiring produce. Some of these 

microorganisms are likely to invade the produce and cause 
rots. As a direct result of fungal growth, and as a 
secondary response of the plant tissue to infection, the 
gas ethylene is likely to be evolved. This gas, even at 

10 concentrations less than 1 raicrolitre per litre has a 

generally deleterious effect on the storage life of many 
horticultural commodities and can cause of f - flavour s . 
Off-flavours may also be produced directly by 
microorganisms. In addition, contact of a number of 

15 fruits such as grapes, plums and blueberries with water 
results in a loss of bloom from the fruit. This in turn 
leads to a lower market price for the fruit. 

Due to the problems resulting from condensation 
wetting of horticultural produce, the full benefits of 

20 high humidity in packages are not able to be realised. 

Typically, commodities are not wrapped completely or are 
wrapped with a water - permeable cover so as to lessen the 
risk of condensation occurring. This results in part or 
all of the produce losing excessive amounts of water. 

25 Such water stress reduces the life of the commodity and 
its quality. 

One means of avoiding, to some extent, the difficulty 
of condensate forming within the package is to use a 
packaging material which has some permeability to water 

30 vapour. Examples of such packaging material are disclosed 
in Australian patent application No. 38079/89, GB1369992 
and US 4079152. It is disclosed in US 4079152 and GB 
1369992 that a desiccant, preferably within a pouch, is 
included in the packaging material to absorb any excess 

35 condensate. Such packaging, however, does not allow the 
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full benefits of high humidity in packages to be achieved. 
Summary of the Present Invention 

In a first aspect the present invention consists in a 
packaging material for use in packing horticultural 
5 produce the packing material comprising a first sheet 

which is freely permeable to water vapour but resistant to 
capillary transfer of liquid water, and a second sheet 
which is impermeable to water vapour and liquid water, the 
first and second sheets being spaced apart from one 
10 another. 

In a second aspect the present invention consists in 
a packaging material comprising a first sheet which is 
freely permeable to water vapour but resistant to 
capillary transfer of liquid water, and a second sheet 

15 which is impermeable to water vapour and liquid water, the 
first and second sheets being connected at a number of 
points over the surface in a manner such that space exists 
between the first and second sheets. 

In a third aspect the present invention consists in a 

20 method of packing horticultural produce comprising the 
steps of : - 

(i) wrapping the produce in a first sheet, the first 
sheet being freely permeable to water vapour but 
resistant to capillary transfer of liquid water; and 
25 (ii) wrapping the wrapped produce with a second sheet, the 
second sheet being impermeable to water vapour and 
liquid water, the wrapping being such that a space 
exists between the first and second sheets. 
In a preferred embodiment of this aspect of the 
30 present invention the first and second steps are carried 
out simultaneously by means of the first sheet and the 
second sheet being connected at a number of points over 
the surface of the sheets. 

The first sheet is typically composed of hydrophobic 
35 polymers such as polyethylene or polypropylene or polymers 
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which have been rendered hydrophobic by special treatments 
such as, silicone coating. Such polymers can be made in 
the form of fibres that can be used to fabricate sheet 
material. The resulting sheet material may be non-woven 
5 or woven. The essential characteristic is that the sheet 
is freely permeable vapour but resistant to the capillary 
transfer of liquid water. This resistance to capillary 
transfer of liquid water is achieved due to the 
non-wettable (hydrophobic) nature of the sheet material. 

10 A number of such sheet materials that resist the 

passage of free water but are permeable to water vapour 
are made by Du Pont from polyethylene under the trade name 
"TYVEC" . A sheet material having similar properties but 
made from polypropylene fibres is sold by Kimberley Clark 

15 under the trade mark " EVOLUTION" . At present it is 

preferred that the first sheet is made from polypropylene 
fibres, and is preferably the material " EVOLUTION" sold by 
Kimberley Clark. 

The "EVOLUTION" material is made in a number of 

20 grades ranging from 16 grams per sq. metre of fabric to 80 
grams per sq. metre of fabric, however, it is presently 
preferred that the first sheet has a weight of 24 grams 
per sq. metre of material. 

The second sheet material may be composed of any 

25 number of materials which are impervious to liquid water 
and water vapour. At present, however, it is preferred 
that the second sheet comprises a film of polyethylene. 

In a preferred embodiment of the present invention 
the first and second sheets are connected at the number of 

30 points by point welding. 

In a further preferred embodiment of the present 
invention a desiccant is provided within, and partly 
fills, the space between the first and second sheets. 
This desiccant may be any of a number of such materials 

35 well known in the art, however, it is presently preferred 
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that the desiccant has some humidity buffering 
capabilities . 

A material having such humidity buffering 
capabilities may be produced by mixing a water - swellable , 
5 water - insoluble polymer with a mixture of (1) a 

non-volatile hydrophilic liquid and (2) water, the polymer 
being swellable by the mixture. By adjusting the relative 
portions of (1) and (2) the humidity buffering 
capabilities of the formulation can be adjusted. The 

10 water - swellable polymer may be any of a large number of 
such materials such as " TERRA - SORB " , "AGROSOKE" , 
"IGETAGEL" , " SUPER - SORB" , " SUPER - SLURP ER" and "ALCOSORB" . 
It is presently preferred that the water - swellable polymer 
is "ALCOSORB AB3S " , made by Allied Colloids. It is also 

15 preferred that the non-volatile hydrophilic liquid is 

glycerol. Details regarding humidity buffer formulations 
can be found in WO91/00316 in the name of the present 
appl icant . 

In a further preferred embodiment of the present 
20 invention the desiccant is contained in a woven or 

non-woven cloth which is freely permeable to water vapour 

and liquid water (hydrophilic cloth). 

Detailed Description of the invention 

In order that the nature of the present invention may 
25 be more clearly understood, preferred forms thereof will 

now be described with reference to the accompanying 

drawings and following examples. 

Figure 1 shows schematically the diffusion of water 

vapour in prior art packing cf horticultural produce. In 
30 Figure 1, the produce 10 is at a mean temperature higher 

than that of the storage environment. Living produce has 

a high water potential and therefore in such a closed 

environment is surrounded by a relative humidity very 

close to saturation. Under such conditions, the water 
35 vapour pressure depends on the temperature. There is, 
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therefore, a net diffusion of water symbolised by the 
arrows in Figure 1 down the gradient of water vapour 
pressure. This gradient corresponds to the temperature 
gradient between the produce 10 and the moisture barrier 
5 11. At 11/ water condenses as soon as saturation vapour 
pressure is exceeded. This condensation wets the 
commodity by physical contact. 

Figure 2 shows schematically the diffusion of water 
vapour using the packing material and method of the 

10 present invention. As shown in Figure 2 there is a net 
diffusion of water, symbolised by the arrows, down the 
gradient of water vapour pressure from the produce 10 
through first sheet 12 to second sheet 14. As the first 
sheet 12 is permeable to water vapour the passage of water 

15 vapour from the produce 10 and subsequent condensation on 
second sheet 14 is not impeded by first sheet 12. In 
addition, as shown in Figure 2, the first sheet 12 is 
connected to second sheet 14 at a number of points 
indicated generally as 16, leaving space 18 between the 

20 first sheet 12 and the second sheet 14. Provided within 
space 18 is desiccant 20. 

Figure 3 illustrates schematically the resistance of 
the first sheet to the passage of liquid water. Due to 
its hydrophobici ty first sheet 12 is not easily wetted by 

25 water, and any condensate will therefore be prevented from 
wetting the produce 10. 

If the second sheet 14 is made of a hydrophobic 
plastic such as polyethylene, droplets rather than a 
continuous film of water will be formed. Such droplets 

30 tend to coalesce and dribble down the walls to the base of 
the package, where they can, if desired, be absorbed by 
capillary action in a desiccant 20. At no point can the 
liquid water pass back to the produce 10, because it is 
repelled by the hydrophobic nature of the first sheet 12. 

35 Once the condensed water is absorbed by the desiccant 20, 
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its surface area for r e * evaporation will be reduced and 
its vapour pressure will be reduced below that of pure 
water. The extent to which this reduction occurs can be 
controlled by using a humidity buffer as the desiccant. 
5 if the external temperature now rises to be temporarily 
above that of the produce, the likelihood that condensed 
water can return as vapour to recondense on the cold 
produce is reduced if such a desiccant is used. 

Figures 4 to 6 show results which demonstrate the 

10 effectiveness of the packing material and method of 

packing of the present invention in preventing condensate 
from wetting packaged produce. These figures contrast the 
amount of produce wetting using the packing material and 
method of the present invention with that of the prior 

15 art. 

In all cases, produce at a temperature of 20°C was 
hermetically sealed in a bag of low-density polyethylene 
and the whole pack was then cooled to a temperature of 
lOc. This bag of low density polyethylene constituted 

20 the second sheet in the method of the present invention. 
The amount of water on the produce was then determined by 
wiping the produce with a weighed paper tissue and 
subtracting its dry weight from the weight following 
wiping. The amount of water on the packing material was 

25 determined by weighing it before and after drying in an 
oven at 70°C. 

In each of these experiments the second sheet 
comprised a sheet of spun polypropylene having a weight of 
2 4g/m 2 . 

30 Figure 4 shows the results of cooling plums over 23 

hours within a sealed polyethylene bag. After cooling, 
the bags were agitated to redistribute the water. In the 
prior art packing method (A), the distribution of the 
recovered condensate was 53% on the fruit surface and 47% 

35 on the surface of the polyethylene bag. In the method of 
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the present invention (B) , only 2% was on the fruit whilst 
98% remained on the packing material. 

Figure 5 shows the results of a similar test, in 
which nectarines were cooled for 46 hours. In the packing 
5 method of the prior art (A), the distribution of the 

recovered condensate was 73% on the fruit surface and 27% 
on the surface of the polyethylene bag. Using the method 
of the present invention (B) only 1% was on the fruit 
whilst 99% remained on the packing material. 

10 Figure 6 shows the results of cooling cabbage under 

the same conditions, except the time was increased to 144 
hours. In the prior art packing method (A) , there was 36% 
of the condensate on the surface of the cabbage and 64% on 
the surface of the packing material. Using the method of 

15 the present invention (B) , only 2% was on the cabbage 
whilst 98% remained on the packing material. 

As can be readily seen from these results, the 
packing material and packing method of the present 
invention results in a substantial reduction in the amount 

20 of wetting of packed produce. 

It will be appreciated by persons skilled in the art 
that numerous variations and/or modifications may be made 
to the invention as shown in the specific embodiments 
without departing from the spirit or scope of the 

25 invention as broadly described. The present embodiments 
are, therefore, to be considered in all respects as 
illustrative and not restrictive. 
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CLAIMS : - 

1. A packaging material for use in packing horticultural 
produce, the packaging material comprising a first sheet 
which is freely permeable to water vapour but resistant to 
capillary transfer of liquid water; and a second sheet 
which is impermeable to water vapour and liquid water, the 
first and second sheets being spaced apart from one 
another . 

2. A packaging material as claimed in claim 1 in which 
the first and second sheets are connected at a number of 
points over their surface in a manner such that a space 
exists between the first and second sheets. 

3. A packaging material as claimed in claim 2 in which 
the first and second sheets are connected by point welding. 

4. A packaging material as claimed in any one of claims 

1 to 3 in which a desiccant is provided within, and partly 
fills, the space between the first and second sheets. 

5. A packaging material as claimed in claim 4 in which 
the desiccant is a humidity buffer formulation comprising 
a water - swellable , water - insoluble polymer and a mixture 
of (i) a non-volatile hydrophilic liquid and (ii) water; 
the polymer being swellable by the mixture. 

6. A method of packing horticultural produce comprising 
steps of : - 

(i) wrapping the produce in a first sheet, the first 
sheet being freely permeable to water vapour but 
resistant to capillary transfer of liquid water; and 

(ii) wrapping the wrapped produce within a second sheet, 
the second sheet being impermeable to water vapour 
and liquid water, the wrapping being such that a 
space exists between the first and second sheets. 

7. A method as claimed in claim 6 in which the first and 
second steps are carried out simultaneously by means of 
the first sheet and the second sheet being connected at a 
number of points over the surface of the sheets such that 
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a space exists between the first and second sheets. 

8. A method as claimed in claim 7 in which the first and 
second sheets are connected at a number of points by point 
welding. 

9. A method as claimed in any one of claims 6 to 8 in 
which a desiccant is provided in, and partly fills, the 
space between the first and second sheets. 

10. A method as claimed in claim 9 in which the desiccant 
is a humidity buffer formulation, the formulation 
comprising a water - swellable , water - insoluble polymer and 
a mixture of (i) a non-volatile hydrophilic liquid and 
(ii) water; the polymer being swellable by the mixture 
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